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The effect of gentiopicroside on TLR-4/NF-xkB and AMPK/Nrf2
in non-alcoholic fatty liver disease
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Abstract: To explore the protective effect of gentiopicroside ( GPS) on non-alcoholic fatty liver (NAFLD) rats and the effects
of TLR-4/NF-kB and AMPK/Nif2 pathways. Sixty SD rats were randomly divided into normal group, model group , metformin
group (200 mg/kg) and GPS high,medium and low dose groups (120,60,30 mg/kg). The normal group was fed standard
diet and the other groups were fed high-fat diet for 14 weeks to establish NAFLD model. Biochemical methods were used to
detect the levels of liver function,oxidative stress and lipid accumulation. Enzyme-linked immunosorbent assay ( ELISA) was
used to detect insulin resistance and inflammatory factor levels. Western blot was used to detect the expression of TLR-4/NF-
kB and AMPK/Nrf2 pathway proteins. Oil red O staining was used to observe the pathological changes of liver tissue. The re-
sults shows GPS reduces the activity or content of alanine aminotransferase ( ALT) ,aspartate aminotransferase ( AST) , malon-
dialdehyde (MDA) ,cholesterol (TC) , triglyceride (TG) ,total low density lipoprotein cholesterol ( LDL-C) , fasting blood
glucose (FBG) ,fasting insulin ( FINS) and insulin resistance index ( HOMA-IR) , enhances the activity of superoxide dis-
mutase (SOD) , glutathione peroxidase ( GSH-Px) and high density lipoprotein cholesterol ( HDL-C) ,reduces the levels of
interleukin-18 (IL-183) , interleukin-6 (IL-6) , Tumor necrosis factor-a ( TNF-a) , NF-kBp-p65 and TLR-4 in the liver, in-
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crease the expression levels of p-AMPK and Nrf2. In conclusion,the mechanism of GPS to improve NAFLD may be related to

inhibition of oxidative stress,inflammatory and regulation of TLR-4/NF-xB and AMPK/Nrf2 signaling pathways.

Key words : gentiopicroside ;non-alcoholic fatty liver;oxidative stress ;inflammatory response ; TLR-4/NF-xB pathway ; AMPK/

Nrf2 pathway
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%1 GPSxt NAFLD kKRIiEr ALT AST B840 (x £5,n =10)
Table 1  Effect on the serum ALT and AST of GPS(; +s,n=10)

SR TR By

Group Dose( mg/kg) ALT(U/L) AST(U/L)
1E % 20 Normal - 38.76 +3.69 104.56 £9.67
BEIRIZ] Model - 197.54 = 17. 84" 186.56 +16.74"
ZHUARZL Metformin 200 61.50 £6.71%* 127.94 £11.86* *
GPS R #IH4H Gentiopicroside-T. 30 181.81 £15.41* 169.84 +15.73 *
GPS 5|41 Gentiopicroside-M 60 135.93 +13.81 " * 148.83 £15.83* *
GPS =5 541 Gentiopicroside-H 120 78.50 £6.91* * 125.54 £11.87**

TE: SRR, ¥ P <0.01; S AR, * P <0.05, " * P <0.01; T,
Note : Compared with normal group,* P <0.01 ; Compared with model group, * P <0.05, * * P <0.01 ; The same below.
%2 GPS %t SOD.GSH-Px 1 MDA EJS0i (x +5,n =10)
Table 2 Effect of GPS on the serum SOD,GSH-Px and MDA(; +s,n=10)

ZH 5 #2575 Dose SOD
(mg/kg) (' U/ mgprot)

GSH-Px MDA

Group ('U/mgprot) ('U/mgprot )

TE 40 Normal - 175.67 +15.74 169.74 +17.63 5.93 £0.61

FEHIL] Model - 95.27 +8.75% 64.85 +7.43% 11.86 +1.63%
ZHXUIRZ Metformin 200 159.72 +14.52* 139.76 £12.87 * * 7.24 £0.84**
GPS i #54H Gentiopicroside-L 30 112.73 £10.63 * 85.79 +9.21* * 10.15+1.82"
GPS 514 Gentiopicroside-M 60 129.84 £11.34* " 99.86 +10.16 " * 8.76 +0.91*
GPS F 541 Gentiopicroside-H 120 139.87 £12.94* * 111.63 £12.82** 7.87 £0.83**

%3 GPSxtfuEeh TC,LDL-C HDL-C.TG RSN (x +5,n =10)
Table 3  Effect of GPS on the serum TC,LDL-C,HDL-C and TG(; +s,n=10)

20 51 #5257 5 Dose TG TC LDL-C HDL-C

Group (mg/kg) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
IE# ¢4 Normal - 0.75 +0.06 1.69 +0.19 0.65 +0.075 1.79 +0. 16
HETIZH Model - 3.98 £0.45% 5.98 £0.61% 1.69 £0.21% 0.62 £0.081%
T HXUIRZ Metformin 200 1.05+0.15**  2.98+0.31°* 0.98+0.18"* 1.54+0.19%*
GPS k544 Gentiopicroside-L 30 3.570.41" 4.59+£0.51** 1.45+0.16" 0.890.11**
GPS 15 54 Gentiopicroside-M 60 2.96 £0.35**  3.89+0.41** 1.21+0.26*"* 1.17£0.13**
GPS 544 Gentiopicroside-H 120 1.89£0.24**  3.06+0.41** 1.16+0.21** 1.310.16**

3.4 GPS 3t NAFLD X Rk B R #HTK TR 20 3.5 GPS X} NAFLD Xk R AFREH TNF-o,IL-18 #0

SIEH 4 b, BEAIZ v i FINS . FBG  .HOMA-
IR 7K I (P <0.01) . SRR A, —H
SUIRZE F1 GPS & o 3 4 40 FBG . FINS , HOMA-IR
KPR F R (P <0.01) , GPS fik5 5 41 FBG /K°F
L (P <0.01), FINS . HOMA-IR 7K V- T 45 it
2225 (P>0.05) ,3&W] GPS fgdk 3% NAFLD K1Y
JE 5y Z=HBK . AR IE 4,

IL-6 B9

SIEH A i, AV K BRUF 420 TNF-o,
IL-18 F1 IL-6 /KF & THE (P <0.01) , SHAIZH
Feds, — H ORI GPS 4% 7] 2 20 #F i A 5% 41 il
NAFLD K RJFIE TNF- IL-18 Fl IL-6 7K B FF i
(P<0.01 5 P <0.05) , 328 GPS el 4 5 )2 [
MNIORAP R . 255 I3 5
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F4 GPS BB FMMMIBM (2 £5,n=10)
Table 4 The of GPS effects on insulin resistance(; +s,n=10)

il P2 H R Dos ) )

(i};i B Z(Jj:ig];ose miil(im (n;l\jr?L) HOMA-IR
1E# 20 Normal - 4.51+0.21 2.78 £0.13 0.55 +0.06
FiFIZH Model - 5.71 0. 12% 4.17 £0.21% 1.06 +0. 15"
ZIWUIRZH Metformin 200 4.84+0.15%* 2.98+0.16" " 0.64+0.08 " *
GPS fik51 541 Gentiopicroside-L 30 5.41£0.17* " 4.08 £0.18 0.98 +0.11
GPS |4 4H Gentiopicroside-M 60 5.2420.19** 3.86+0.21 " 0.89+0.09 " "
GPS @74 Gentiopicroside-H 120 5.09£0.21** 3.310.15"* 0.75+0.08* *

%£5 GPSMAFALR TNF-a. IL-18 F1 IL-6 EYESME (x 5,1 =10)
Table 5  Effect of GPS on the hepatic TNF-,1L-18 and IL-6(; +s,n=10)

43 2GH| 5 Dose TNF-a IL-18 IL-6

Group (mg/kg) (pg/mg) (pg/mg) (pg/mg)
1E# 20 Normal - 114.43 £10.64 127.3 £14.91 87.54 +9.71
FiIZH Model - 387.31 £43.51" 381.93 +42. 03" 254.91 +21.65™
T XUIRZH Metformin 200 227.74 £21.65" * 197.3 +£23.07* * 135.72 £12.13 " *
GPS iK1 41 Gentiopicroside-L 30 334.61 £16.71 " * 341.88 £29.99 " * 208.62 +23.85 "
GPS 15 541 Gentiopicroside-M 60 295.61 +31.65"~ 276.14 £28.17* * 186.43 £19.62* *
GPS &5 40 Gentiopicroside-H 120 249.69 +27.83 % * 234.3 £26.81 " * 162.71 +17.11**

3.6 GPS ¥ NAFLD kR BFAE & TLR4/NF-«B &
AMPK/Nrf2 18 8% 5 B RiE K F R #20E

5IE R A b, R A R B2 21 rf NF-Bp-
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Fig. 1

Effect of GPS on TLR-4/NF-xkB and AMPK/Nrf2

A EHR 2 ;B AR C: " HIXUIRZL ; D : GPS AR R4 E . GPS th I R4 F: GPS =55l 21 ; R 1A, Note: A :Normal group;B:Model group;
C : Metformin group; D : GPS-low dose group; E : GPS-medium dose group ; F';: GPS-high dose group ; The same below.
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Fig. 2 Liver tissue oil red O staining (200 X )

4 itig

UTAESRE NAFLD B0 R 2 W] B 9 b THEa%, &
R0 T K BT ) B S i R R 2
FURG I T677 NAFLD (AR 56 254 22 807 2 i 1T
JEAR I, 7E3R Y NAFLD {4 [a] Bt i 28 7 i 0 £ 72
1, 1M H 259X NAFLD 57 30 A B, i R & LAY
SRR 2 B, SR B o U H AR
/NI 259 5K3697 NAFLD 5 3 RIS 2.

k& fe T | R I U 25 e 5 R (FFA) 3
i, FEA FEAR AR 25 R 4547 , 41 e A1 1 1k
B SR ALT AST % gt A7 . K
AUZH I35 H ALT (AST §936 T+, fEBlEE TC TG |
LDL-C & [ Fb, HDL-C & & F B, 3 B A SE 56 i,
ST NAFLD #571, ffF5e 4 5 iR, GPS A L%
NAFLD , Jf X} 5 22 [ A1 i A 76 98 9 15 R, X B
PR HER .

NAFLD f BAR &Ll i N2, Har® £
AT AR HLBRE 8 2 52 . RIE L E AL R
AR BB 5 2 M H 2/ F:30 T NAFLD )
KA HERRT IR Sy bt 1R I RS D5 5 i
FEAE R aE FRA WK A ALISE 1R To ik AL BT i FFA T
3B TG 4 2, 1 5| &R b5 HE B & N G AR
PEOT LRI FFA 189 22 09V IR A 75 40 53 006 46 S
SRS BT TNF-o 1L-18 il 1L-6, 41 3 48 iF 14 %
A, BT AN B A P IR BE M R 4R I A
JEIE & A= R ORE S b B, TLR-4 5 L A4 28 & 300G
NF-xB, )N 51 2 — ZR 31 1 R A% R - 5 & AT L,
P RMURT A S RE RN . A Szl 45 B W, GPS
i PR L A RE R 5 R AR PTEE %L . TG [ TC |
LDL-C Az & %iE K F TNF-« . IL-18.IL-6 K, 5

HDL-C /K, fES A0 TLR4 & NF-«B {5 51
4, Horh GPS 5 71 2 ke 35 155 00 Be W] 2, 2% GPS
] B 3 5 40 1) S R BN R i AR, JE 4% TLR-
4/NF-«B i B A54P P

AAE R RO AR TORS TE RS D5 955 2 A B 46149 T 36
Z— TR P E S ki iAo B T4 4k FRA S 20 i
FRBERE BE 0 [5] IFB £3 77 A RS PR 4R A i
MU T AL B A 2 48 vT LA s i) A 6 =
E A B B2 M5 PR LR R R E
Fi1,S0D F1 GSH-Px i B A3 A AL , BEAS A 505
[ A H 3, 48 S 84k S N E B, S BN AR 4L
PREGVERT™ . MDA S [ 355 5 8 i Ak =2
(2P, H S R T ™ S U A0 M P P 4544, 5
MK IRFE . AMPK 30 AT HE T W4
T Nel2 (A IEAZ 0, 1 VR Nef2 (g 3351 L N2
3 R T RS SRR, A S R L Fl
BiA L VR A HO-1 B P S fb i ™ . A
WFoT 45 W], SHRIZH Hed , GPS 4% 4 20 7] i Ik
1458 SOD | GSH-Px iF I FE Ik MDA & &, [R5
458 p-AMPK \Nf2 25 (13834 7KF , 3275 GPS T e
& AMPK/Nrf2 {5538 i , 2 040 il 420 A0 R 380 1T 8
BRATVE

Zi I frik , GPS Al Rk 3% NAFLD K57k
D, VA I FHRHAR B, 05 45 7 A S A
JZ W, P83 TLR4/NF-¢B 1 AMPK/Nrf2 {2538 %,
Rl R FHHR AL BT SRS

S 30k

1 Machado MV, Cortez-Pinto H. Non-alcoholic fatty liver dis-

ease:what the clinician needs to know[ J]. World J Gastro-



1658

KIRF=YIBE R 5T K

Vol. 32

10

11

12

13

enterol ,2014,20:12956-12980.

Yu LY,Quan YY,Gong LH et al. Therapeutic effect of etha-
nol extract of processed Polygonum multiflorum and its main
component emodin on zebrafish nonalcoholic fatty liver dis-
ease[ J |. Nat Prod Res Dev( KR =MIWTsE 51 %) ,2019,
31.766-771.

Zhang KF, Gao Y, Cao HK, et al. The effects of Dicliptera
chinensis polysaccharide on glucose and lipid metabolism in
rats with high fat diet based on AMPK/SREBP-1 pathway

[J]. Nat Prod Res Dev( KIRF=WitsE 57 %) ,2019,31 .
1777-1782.

Fang YL,Chen H,Wang CL, et al. Pathogenesis of non-alco-
holic fatty liver disease in children and adolescence: from "
two hit theory" to "multiple hit model" [ J]. World J Gastro-
enterol 2018 ,24.2974-2983.

Lin R,Wu D, Wu FJ, et al. Non-alcoholic fatty liver disease
induced by perinatal exposure to bisphenol a is associated
with activated mTOR and TLR4/NF-«B signaling pathways
in offspring rats[ J]. Front Endocrinol ( Lausanne ) ,2019,10;
620.

Chowdhry S, Nazmy MH, Meakin PJ, et al. Loss of Nrf2
markedly exacerbates nonalcoholic steatohepatitis [ J ]. Free
Radic Biol Med,2010,48:357-371.

Li XN, Song J, Zhang L, et al. Activation of the AMPK-
FOXO3 pathway reduces fatty acid-induced increase in intra-
cellular reactive oxygen species by upregulating thioredoxin
[J]. Diabetes,2009,58 ;2246-2257.

Zhao Z, Wang C, Zhang L, et al. Lactobacillus plantarum
NA136 improves the non-alcoholic fatty liver disease by mod-
ulating the AMPK/Nrf2 pathway [ J]. Appl Microbiol Bio-
technol ,2019,103 ;5843-5850.

Xia PF,Ma X, Wu GT, et al. Preparation and evaluation of
quality and security of gentiopicroside nano emulsion [ J].
Nat Prod Res Dev( KARy=Htst 5 %) ,2017,29 .1824-
1830.

Zhu HT,Zheng CW,Zhao P, et al. Content analysis of genti-
opicroside in wild and tissue culture seedlings of Gentiana ri-
gescens[ J]. Nat Prod Res Dev( RIK =R S5IT %),
2011,23.482-485.

Chen L, Wang HB,Sun XL, et al. Study on the analgesic and
anti-inflammatory activities of gentiopicroside [ J ]. Nat Prod
Res Dev( KARF=HWEsE 51 % ) ,2008,20:903-906.

Niu YT,Zhao YP,Jiao YF,et al. Protective effect of gentiopi-
croside against dextran sodium sulfate induced colitis in mice

[J]. Int Immunopharmacol ,2016,39(10) ;16-22.

Lian LH, Wu YL, Wan Y, et al. Anti-apoptotic activity of
gentiopicroside in D-galactosamine/lipopolysaccharide-in-
duced murine fulminant hepatic failure[ J]. Chem Biol Inter-

act,2010,188(1) :127-133.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Jiang W, Guo MH, Hai X. Hepatoprotective and antioxidant
effects of lycopene on non-alcoholic fatty liver disease in rat
[J]. World J Gastroenterol ,2016,22:10180-10188.

Ricci G, Pirillo 1, Tomassoni D, et al. Metabolic syndrome,
hypertension , and nervous system injury : epidemiological cor-
relates[ J]. Clin Exp Hypertens,2017,39(1) :8-16.

Godos J,Federico A, Dallio M, et al. Mediterranean diet and
nonalcoholic fatty liver disease: molecular mechanisms of
protection[ J]. Int J Food Sci Nutr,2017,68(1) :18-27.

Ma Z,Chu L, Liu H, et al. Beneficial effects of paeoniflorin
on non-alcoholic fatty liver disease induced by high-fat diet
in rats[ J]. Sci Rep,2017,7:44819.

Borrelli A,Bonelli P, Tuccillo FM, et al. Role of gut microbi-
ota and oxidative stress in the progression of non-alcoholic
fatty liver disease to hepatocarcinoma:current and innovative
therapeutic approaches[ J]. Redox Biol ,2018,15 :467-479.
Tilg H, Moschen AR. Evolution of inflammation in nonalco-
holic fatty liver disease:the multiple parallel hits hypothesis
[J]. Hepatology,2010,52 . 1836-1846.

Qureshi K, Abrams G A. Metabolic liver disease of obesity and
role of adipose tissue in the pathogenesis of nonalcoholic fatty
liver disease[ J]. World J Gastroenterol ,2007 13 :3540-3553.

Su LQ,Wang YD, Chi HY. Effect of curcumin on glucose and
lipid metabolism,FFAs and TNF-« in serum of type 2 diabe-
tes mellitus rat models[ J ]. Saudi J Biol Sci,2017,24:1776-
1780.

Li YW ,Zhang Y, Zhang L, et al. Protective effect of tea poly-
phenols on renal ischemia/reperfusion injury via suppressing
the activation of TLR4/NF-kBp65 signal pathway[ J]. Gene,
2014,542(1) .46-51.

Han E,Lee Y. Non-alcoholic fatty liver disease :the emerging
burden in cardiometabolic and renal diseases[ ] ]. Diabetes
Metab J,2017 ,41.430-437.

Qu LL, Yu B, Li Z, et al. Gastrodin ameliorates oxidative
stress and proinflammatory response in nonalcoholic fatty liv-
er disease through the AMPK/Nif2 pathway [ J]. Phytother
Res,2016,30.402411.

Guo Y, Liang X, Meng M, et al. Hepatoprotective effects of
Yulangsan flavone against carbon tetrachloride ( CCl, ) -in-
duced hepatic fibrosis in rats[ J ]. Phytomedicine, 2017, 33
(17) .28-35.

Zheng L, Yin L, Xu L, et al. Protective effect of dioscin a-
gainst thioacetamide-induced acute liver injury via FXR/
AMPK signaling pathway in vivo[ J ]. Biomed Pharmacother,
2018,97.481-488.

Xiao KM, Sun CF, Yao SK. Protective effect of gentiopicrin
on oxidative stress damage in HepG2 cells induced by H,0,
[J]. World J Integr Tradit West Med ( 5 o 4 [ 2% & 44
) ,2019,14.1530-1534.





